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OSTERIOR fossa arteriovenous malformations (AVM's) are unusual lesions in most neurosurgical clinics. Of 453 cases of intracranial AVM's reported by the Cooperative Study of Intracranial Aneurysms and Subarachnoid Hemorrhage, 2t only 32 (about 7%) occurred in the posterior fossa. Posterior fossa AVM's have been reported as a source of cerebellar hemorrhage in children 8,11,15 as well as adults. 2~ We are reporting our experience with 66 cases of infratentorial AVM's, with emphasis on their surgical treatment and outcome. These cases represent 18% of an overall surgical experience with 363 intracranial AVM's (Table 1 ), but are highly selected due to the referral pattern.
Summary of Cases

Clinical Data on Presentation
The patients ranged in age from 5 to 69 years. There was a slight female predominance, with 37 females and 29 males. The sites, sizes, and clinical presentations of the AVM's are summarized in Tables 2 and 3 . Sixtyone of the 66 patients with posterior fossa AVM's presented with complaints related to subarachnoid or intraparenchymal hemorrhage. In all 27 patients with known intraparenchymal hematomas and in 24 of 34 patients having only subarachnoid hemorrhage (SAH), physical findings localized the lesions to the posterior fossa. Twelve patients had concomitant aneurysms, of which nine had ruptured; all of the aneurysms were related to feeding arteries. Five patients had supracerebeUar aneurysms which were on peripheral vessels; there were multiple aneurysms in four of these five cases, and in one the supracerebellar aneurysm was associated with a proximal aneurysm. Four patients had peripheral aneurysms of the anterior inferior cerebellar artery (AICA), with multiple lesions in two cases. Three patients had aneurysms of the posterior inferior cerebellar artery (PICA), all on peripheral branches; two cases were multiple. In each case, the AVM was treated concomitantly with the aneurysm. One other patient had a second parietal AVM which was also removed. The occurrence of multiple AVM's, as well as cerebral aneurysms with AVM's, has recently been reviewed. 22, 24 In our series, three rather interesting patients with AVM's of the cerebellopontine angle (CPA) had facial pain associated with their SAH. Each of these patients was found at surgery to have tangles of AVM within the interstices of the trigeminal nerve. A fourth patient, who had an AVM associated with a cerebellar astrocytoma, reported the onset of episodic left infraorbital stabbing pains 2 years prior to her current admission. These pains abated spontaneously 6 months prior to her hospitalization. The association of trigeminal neuralgia and AVM's has been reported previously. 7, 14, 25, 26 Five patients presented with difficulties unrelated to hemorrhage. During an investigation for headaches, three patients were found to have intact AVM's. Two of these were large vermian AVM's intimately related to the tentorium. The complaint of headaches was probably related to pressure on this dural structure. One of these patients also had a small left parietal AVM treated at a second operation. The third patient had a cerebellar hemispheric AVM which was probably incidental and unrelated to the presenting complaint of headache. Tragically, she did poorly as a result of a postoperative clot. The fourth patient had a mild lateral cerebellar syndrome with a 4-cm intact hemispheric AVM, and the fifth patient, with a small intact CPAbrachium conjunctivum AVM, complained oftinnitus and vertigo, and had a coarse tremor of the left arm. Exploration Only. Five patients had small AVM's and underwent surgical exploration only. The AVM was found buried in the tectum, pons, and medulla in one case each. Two additional pontine lesions were explored during obliteration of a concomitant ruptured aneurysm. No patients were harmed by the exploration, but one pontine AVM ruptured fatally into the pons postoperatively, possibly related to intraoperative heparinization during cardiopulmonary bypass for treatment of an AICA aneurysm.
Treatment Without A VM Excision
Ventriculostomy. Lateral ventriculostomy only was performed in one early patient, who was moribund with a huge cerebellar clot.
Ligation of Feeding Arteries. Two large posterior fossa AVM's, one involving the left hemicerebellum and the other the whole of the vermis and central cerebellum, were treated by ligating large feeding branches from the superior cerebellar artery (SCA) and the PICA. It was assumed at that time, early in our experience, that resection of the AVM would damage the deep cerebellar nuclei and peduncles. In both cases, postoperative angiography demonstrated that vessels which had previously been minor feeders of the malformation had "grown" to maintain these formidable lesions. Both lesions would now probably be considered resectable. A subsequent case of a ruptured holohemispheric AVM which intruded into the pontine peduncle was treated by 90% resection without any significant increase in the patient's minor ataxia, suggesting that resection is feasible even in these large lesions. In a third patient with the angiographic appearance of a choroidal fissure AVM, only a knuckle of the malformation was seen intraoperatively, as the lesion was actually buried in the midbrain and thalamus. A large anterior choroidal artery was ligated and several small feeding arteries were coagulated without altering the patient's neurological status. These procedures were probably of little avail. treated by intraoperative embolization as part of a program to determine the efficacy of this technique. One of the lesions was considered to be unresectable, another had ruptured, and the other two lesions were intact and incidental to a ruptured aneurysm. The first patient was in the original series treated by direct selective catheterization with Gelfoam embolization) This CPA lesion, which invaded the cerebellar peduncle and midbrain, was embolized at posterior fossa craniotomy with over 1000 2-mm pieces of Gelfoam via a cannula placed in a large feeding branch of the PICA. Hemorrhage from the malformation occurred during the embolization but stopped spontaneously. Postembolization swelling of the cerebellum necessitated an extensive posterior fossa decompression. Although the patient's recovery was virtually complete, no more than 70% of the lesion was obliterated by the Gelfoam.
In our series, three patients with large upper central and hemispheric AVM's underwent direct selective embolization with bucrylate, a rapidly polymerizing plastic opacified with the tantalum powder) ~ A No. 3 French catheter was advanced through a small arteriotomy in the enlarged feeding SCA just before it entered the malformation, and was held in place by a fine suture or by Histacryl. Superselective angiography was performed through the catheter before and after each injection to be certain that no normal branches were opacified and to monitor the progress of the embolization.
The first patient, aged 47 years, presented with a large ruptured fight SCA-basilar artery junction aneurysm and an intact large right superomedial cerebellar AVM which extended over the quadrigeminal plate (Fig. 1) . Seven days after uneventful clip ligation of the patient's SCA aneurysm, the feeding right SCA was cannulated, and two 0.6-cc boluses of bucrylate were injected. The patient awoke with marked truncal ataxia and confusion. Postoperative angiography demonstrated an 80% obliteration of the AVM. The patient's recovery was slow but gratifying, although mild ataxia has persisted.
The second patient had a ruptured large aneurysm at the left SCA-basilar artery junction, and a large left anterosuperior cerebellar AVM. After clipping of the aneurysm and embolization of his AVM with bucrylate, the patient had resolving right-sided weakness and confusion. All the plastic appeared to be in the AVM and postoperative angiography revealed that all but 10% of the AVM was obliterated. The patient has returned to work as a postman.
The third patient had bled twice from an anterior vermian AVM fed by both SCA's. He had gait ataxia, left-sided cerebellar clumsiness, and nystagmus. After injection of the large right SCA with only 0.3 cc of bucrylate, the patient awoke with an almost complete left external ophthalmoplegia, right partial third nerve palsy, left hemiplegia, and left analgesia. Skull x-ray films revealed a serpentine contrast cast in the region of the AVM, but bucrylate was seen outlining tiny branches of the posterior choroidal and thalamoperforating arteries (Fig. 2) . Angiography demonstrated filling of only a residual 10% of the AVM from the left SCA. How the plastic reached the posterior choroidal and perforating vessels from an SCA injection remains a mystery, although a little known anastomotic connection between this artery and the SCA in the quadrigeminal area may have been responsible. 4' 9"~7 Ocular motion recovered but the patient remains disabled with hemiparesis and hemianalgesia.
A VM Excision: Surgical Technique
Complete excision was attempted in 51 cases and was accomplished in 47 (verified by angiography in 42).
FIG. 2.
Angiogram, lateral view, showing bucrylate in the superior cerebellar artery and its branches leading into an arteriovenous malformation. Some bucrylate can be seen filling small vessels (straight arrow) and thalamoperforating vessels (curved arrow).
It should be emphasized that the exposure of an AVM must give the surgeon access to the malformation and to its feeding arteries and draining veins. Retraction should be minimal and may be performed either transtentorially, posteriorly, or, if necessary, in combination.
The merits and drawbacks of placing the patient in the sitting and park-bench positions are well known. The choice is still under debate on our unit, although the sitting or reclining position is preferred by the first author (C.G.D.) except for smaller more laterally placed lesions, since air embolism can usually be managed effectively with modern anesthetic techniques. With the sitting position, the cerebellum seems to slacken more easily, visualization is better, there is no pooling of blood, and the lesion is less tense with the hemodynamic reduction in pressure. In one patient whose initial craniectomy was performed in the park-bench position, the cerebellum and AVM were dangerously tense and would not slacken with release of spinal fluid, hyperventilation, dehydrating agents, and moderate head elevation. Moving the patient to the sitting position immediately relieved this high posterior fossa pressure and the operation proceeded uneventfully. A word of warning: hemostasis established in the sitting position must be complete and tested intraoperatively by using the Valsalva maneuver and by temporarily raising the blood pressure. The patient should be nursed in the sitting position for at least 1 day after surgery because, when the patient is placed supine too soon, the rise in intracranial blood pressure may cause bleeding from a poorly secured vessel. Massive postoperative hematomas occurred in nine of our 51 patients with excision, resulting in six deaths and three poor results. In two of these, the hematoma developed after a negative computerized tomography (CT) scan done when the patient was being transferred from the recovery room to the ward. Except for two patients with brain-stem AVM's, all of these patients recovered well from the resection, but each abruptly suffered respiratory arrest with coma a few hours later, with little warning other than brief drowsiness and hypertension. Although the wound was opened in our Observation Unit on the ward in two cases, there was no useful survival. Special attention must be given to those AVM's in which the nidus is seen on the angiogram or during operation to be surrounded by a myriad of tiny fragile corkscrew-shaped feeding vessels (Fig. 3) .
Initially, the lesion should be surveyed to determine a plane of cleavage and to define the venous drainage. Unlike cerebral cortical AVM's, large deep periventricular veins are not always present in posterior fossa AVM's. Loss of venous drainage will cause the AVM to become tense and friable, and even to burst. One major draining vein should be identified and preserved until the resection is complete. Veins that are obstructing the mobilization of the AVM should be temporarily occluded with a bayonette forceps prior to their ligation. If the AVM swells when the vessel is temporarily occluded with forceps, then the vein is providing critical drainage and cannot be safely divided at that time.
The nucleus of the AVM is usually surrounded by a firm yellow pseudocapsule of gliosis which serves as a plane of cleavage. Through this capsule pass the feeding and draining vessels which can be divided as they enter the lesion. The tiny feeding arteries may be extremely fragile, and great care is needed in their coagulation or clipping to prevent them from tearing and retracting into the depths of normal brain tissue. Dissection of the AVM from surrounding normal nervous tissue is facilitated by the cavities left behind by prior hemor- rhage. Bipolar cautery used to shrink the coils of the AVM will often help to define the plane of cleavage.
The same magnification and bipolar cautery that are indispensable in the resection of AVM's have made possible the inadvertent establishment of a false plane through the lesion. Even a tiny residual portion of the AVM left behind may be the cause of future hemorrhage. Such calamities can be avoided by carefully scrutinizing the wall of the resection cavity for residual tangles of vessels and by routinely obtaining postoperative angiograms to verify total resection of the lesion.
Large arteries that feed the AVM usually have branches, the "vessels of passage," which also supply normal cerebellum or brain stem. Arterial branches can be safely occluded only if it can be seen that they enter the malformation without proceeding distally into normal brain structures. The ligation of one of the critical vessels of the posterior circulation proximal to a normal branch could lead to a devastating brain-stem infarction. Vessels unassociated with the AVM but traveling along the perimeter of the lesion must be scrupulously preserved and protected for the same reason.
In critical brain areas, the AVM should be dissected right on the coils of the lesion. Bleeding from the AVM, an inherent problem when excising these lesions, can usually be controlled using bipolar cauterization. When the source of the hemorrhage cannot be precisely located, hemostasis can be obtained by applying gentle pressure against the bleeding site with a retractor or cotton patty; even large rents will dry up with this technique. The inaccurate placement of hemostatic clips or jabbing at the lesion with bipolar cautery can only increase the number of tears in the AVM and compound the bleeding.
Location of Arteriovenous Malformations
Hemispheric A VM's. Of the 14 AVM's which were confined to a single hemisphere, 12 were excised through a suboccipital craniectomy. One of the other two AVM's was located on the superior surface and was exposed transtentorially because of three concomitant SCA's. The other AVM was injected with bucrylate by the same route (see above). The only resectionrelated postoperative deficits were due to postoperative hemorrhage, with persistent coma and a partial "lockedin" state in two patients (Fig. 1) . Postoperative ataxia and coordination difficulties have been mild and seem to have resolved with time.
Holohemispheric A VM's. Two holohemispheric lesions were encountered, one of which was treated ineffectively with occlusion of the feeding vessels. In the second case, what was thought to be a complete resection of the lesion was performed with almost no exaggeration resulting of the patient's mild preoperative dysmetria (Fig. 4) . Postoperative angiography revealed a small medial rim of residual AVM. A second procedure to remove this remnant had to be postponed for 9 months because of a postoperative pleural empyema. Repeat angiography showed startling enlargement of this remnant, most of which was resected, but a small portion had to be left in the region of the brachium pontis and was irradiated. That no major deficit occurred with what amounted to a hemicerebellectomy can only be explained by the displacement rather than invasion of normally functioning cerebellum, its roof nuclei, and the peduncles by the AVM.
Vermian and Vermian-Paramedial AVM's. Twenty-one vermian and vermian-paramedial AVM's were excised. Seventeen of these patients had no significant persistent postoperative deficit. One patient had a large preoperative coma-producing clot and was left with a disabling ataxia. Two patients had postoperative hematomas removed after sudden respiratory arrests: one died and the other was left with severe bulbar dysfunction and quadriparesis. Four AVM's lying in the anteromedial superior cerebellum were approached under the temporal lobe through the divided tentorium. Even though there was concern about brain-stem invasion from the appearance of the angiogram, in each case the lesion was confined to the cerebellum and could be freed from the posterolateral aspect of the midbrain. Only shallow invasion of the brachium conjunctivum was necessary, since most coils lay in the pia arachnoid. The vermian lesions were approached posteriorly. Removal of the largest lesion, which involved the whole central cerebellum, required complete division of the cerebellum on either side from the anterior to the posterior medullary velum and removal of the whole roof of the fourth ventricle, but resulted in only a mild temporary gait disturbance.
Fourth Ventricle A VM's. Similarly, the excision of two large lesions which seemed to arise in and fill enlarged fourth ventricles resulted in no major postoperative deficit. 5 Most of the blood supply to these lesions came from the tela choroidea and each was adherent only slightly to the floor of the fourth ventricle, which could be separated from these lesions without injury to its surface. It must be surmised that, in these large midline lesions, the roof nuclei are displaced to either side of the AVM's and can be spared by careful dissection directly on the coils of the malformation.
Flocculonodular A VM's.
It was expected that removal of the five lesions occupying one floceulonodular region would be fraught with the risk of damage to the lower cranial nerves and postoperative ataxia. However, as in the CPA lesions, the coils of the AVM could be separated from the filaments of the ninth and 10th nerves. In one case, the tangles of AVM were separated from the eighth nerve with preservation of hearing. Splitting the inferior medullary velum on the involved side exposed the floor of the fourth ventricle as well as the foramen of Luschka, which was invaded by these lesions. Postoperative ataxia was not a problem, except in one patient with a clot. Coarse horizontal nystagmus occurred in another case, but has largely resolved.
Cerebellopontine Angle A VM's. Excision of four cerebellopontine angle AVM's of the CPA was discussed in a prior report. 6 One of these lesions also surrounded the midbrain. Three lesions have been removed since that report: they were found to lie similarly within the angle extrapially or only shallowly subpially on the brain stem. The coils of these AVM's could be separated from the CPA nerves without loss of function, although hearing is difficult to maintain after dissection on the fragile eighth nerve. When the AVM mingles within the interstices of the fifth nerve, the vessels are sectioned as they enter and leave the nerve. The trigeminal nerve is left intact, housing short empty coils of AVM. The CPA lesions can be approached from a suboccipital and/or transtentorial approach. The combined approach was employed in the first of these new cases, and the patient's only residual deficit was trigeminal hypalgesia and diminished hearing on the right. The second patient had had a huge cerebellar and CPA hematoma evacuated at another center and was left with palsies of the sixth through eighth, and 10th and 1 l th cranial nerves, as well as a right hemiparesis and left ataxia. Removal of the AVM was followed by neurological improvement. The third patient had a ruptured basilar-AICA aneurysm; the AVM was removed from the CPA before the aneurysm was clipped. He was well for 24 hours before deteriorating; a huge cerebellar clot was seen which appeared to have no connection with the original dissection. He remained paralyzed on the right side.
The single death in this group was the result of a postoperative clot in the fourth ventricle, which stemmed from difficulty in securing two large vessels passing through the foramen of Luschka. Since this case was treated, it has been learned that division of the posterior medullary, velum exposes this foramen more properly, allowing the vessels passing through the foramen of Luschka to be securely occluded.
Brain-Stem A VM's. The 15 AVM's involving the brain stem, mostly intrinsic, have proven to be treacherous to treat. Seven were located primarily in the midbrain and eight in the pons and medulla. Only two brain-stem AVM's, both of which involved the midbrain, could be excised safely.
In the first case (which was reported previously 6) the AVM was primarily extrapial, lying just above the CPA on the side of the midbrain and extending beneath the basilar artery into the interpeduncular fossa. Although the superficial portion could be removed, a small deep extension into the posterior perforated substance was left for fear of injuring the midbrain. The patient showed only mild improvement from the devastating effects of his preoperative hemorrhage.
In the second patient, an AVM which seemed to be in the quadrigeminal cistern under the vein of Galen was approached by a subtentorial supracerebellar exposure. Removal of this discrete lesion required dis.section through the quadrigeminal plate and along the walls of the posterior third ventricle. This 17-year-old girl had survived a severe intraventricular hemorrhage which left her with paralysis of upward gaze and ocular skew deviation. Remarkably, no new deficit occurred as a result of the excision and she lives normally, using corrective lenses.
Four patients died after exploration of their brainstem AVM's. The first (previously noted in this paper) suffered postoperative rupture of an incidental pontine AVM after the clipping of his ruptured basilar-AICA aneurysm. Three AVM's were thought to be extrapial lesions on the surface of the midbrain, but at exploration were found to invade the substance of the brain stem. In two of these cases, small lesions were carefully dissected out of the midbrain to disconcerting depths; one was partially excised. Vexatious bleeding was thought to be controlled, but neither patient regained consciousness after surgery. Postmortem examination revealed massive midbrain and diencephalic hemorrhages resulting from postoperative bleeding into the AVM beds. In the third case, the AVM was approached subtemporally and through the tentorium, but a fatal hemorrhage occurred during the dissection from the unseen buried portion of the lesion. This experience has led to a more cautious approach to AVM's lying within the brain stem. Four AVM's were explored as possibly resectable lesions, but excision was abandoned when the lesions were found to be buried within the brain stem. In a final case, a large feeding choroidal artery was occluded but the AVM was not excised.
Two cases presenting with pontine hematomas were explored. The first was in a patient with a progressive pontine deficit. Histological examination of the excised hematoma revealed a cryptic AVM in a portion of its surface. This patient has a persistent severe neurological deficit. In the second case, dramatic recovery of a fixed fight gaze and facial palsy, dysphagia, and ataxia occurred after removal of a pontomedullary clot presenting under the floor of the fourth ventricle. Resection of a suspicious portion of the wall of the hematoma cavity revealed a small vascular malformation.
Operative Results
A summary of results from the various treatment modalities is given in Table 5 . The best results occurred when there was no significant preoperative clot in the cerebellum or brain stem. Only five of the 19 patients with excellent results from excision had clots which had produced only minor signs. Ten of the 18 good results after excision had more obvious deficits associated with larger clots, but these deficits ultimately resolved to minor non-disabling degrees of gait or limb ataxia or cranial nerve impairment.
Mild transient dysmetria or gait ataxia was not uncommon immediately following surgery in patients without preoperative clots, but these deficits subsided within a few weeks. The most remarkable example of this was seen in the patient with the left holohemispheric lesion, who was mentioned previously. After virtually complete resection of this large mass, the patient had only a mild left dysmetria which almost disappeared 2 weeks after the first operation and did not return after nearly complete excision of the enlarged residual AVM 6 months later.
Aside from the loss of hearing that occurs in patients with CPA lesions, only two patients in this series developed new isolated cranial nerve dysfunctions. One patient with a CPA lesion that created a trelliswork through the fascicles of the trigeminal nerve developed postoperative facial numbness. A second patient with a fourth ventricle AVM awoke with an abducent nerve palsy which subsequently disappeared. Since our initial report, 6 we have been able to preserve hearing in two patients with CPA lesions.
Five of the nine poor results were due solely to preoperative hematomas but four patients had a marked worsening of their neurological status after treatment; in three cases, deficits were related to postoperative clots, and in one case to errant bucrylate embolization ( Table 6 ). Six of the 10 deaths were due to postresection clots, although two were secondary to possibly incomplete removal of brain-stem AVM's. Thus, tragically, half of the overall morbidity was related to postoperative hemorrhage from the AVM resection bed, an incidence of 17.6% in the resection cases. Postoperative arterial hemorrhage in the posterior fossa rapidly produced an irretrievable situation. Known residual AVM existed in only one of the nine postoperative posterior fossa clots in our series; this was a deliberately incomplete resection of a small pontomedullary AVM. In four others, no AVM was found at reexploration and none was seen on subsequent angiography in the remaining four. The breakthrough phenomenon resulting from sump removal with diversion of large streams of arterial blood into dysautoregulated vessels in the region of the AVM bed has been postulated as a cause of intra-and postoperative hemorrhage after removal of large AVM's? 3 However, none of these posterior fossa postoperative clots were associated with AVM's over 5 cm, and several were only 2 to 4 cm in diameter. No generalized bleeding or edema occurred during the resections.
All postoperative bleeding followed operations performed on patients in the sitting position (where cranial arterial pressure is about 20 mm Hg lower than the pressure measured in the extremity). The resection cavity was completely dry in each patient and was usually watched for as long as an hour before closing. After surgery, each patient was transferred to the ward and nursed in the sitting position until the onset of bleeding (with the exception of a 30-minute period during which two patients had CT scanning after leaving the recovery room). Only if this half-hour of higher intracranial arterial pressure had been dangerous in these two patients in whom hemostasis was obtained at the lower arterial pressure in the sitting position could this have been a major factor.
With the exception of two patients with brain-stem AVM's, all patients became alert after operation and had no major deficit. Rebleeding occurred following transfer from the recovery room to our Observation Unit during the first night, after the negative CT scans on the two patients referred to above. Sudden coma and respiratory arrest, almost without warning, was the rule. Only brief premonitory elevation of blood pressure, slowing of respiration, and lessening of consciousness were described by the nurses afterward. Even with prompt evacuation of the clot (two wounds were reopened on the ward), there was no useful survival, as all patients developed varying degrees of the "lockedin" syndrome.
During evacuation of the clot, no one vessel seemed responsible; usually several were found bleeding from the wall of the cavity, some waving around like small unrestrained hoses. It was presumed that these vessels are the tiny thin-walled tortuous fragile feeding arteries that are so difficult to seal intraoperatively with bipolar coagulation or that are cut by a clip. It is the first author's opinion that tenuous hemostasis is probably responsible for the postoperative hemorrhages, and that it is impossible to obliterate every last one of these very thin-walled vessels with absolute certainty in every case. They are best coagulated if they can be collapsed by proximal pressure with a sucker tip and/or cotton patty but, when full, they often pop or stick to the forceps and sometimes will not shrink even under hypotension. When ruptured by the forceps, they must be followed back into normal brain where, to avoid further damage, the surgeon may have to accept coagulation of only the vessel tip. Coagulated shrunken arteries like coagulated aneurysms can partially reexpand, and the fragile seal of coagulation may not hold. Tiny flat-bladed clips might provide some answer. Immediate postoperative or intraoperative angiography, when possible, would reveal an incomplete resection.
Discussion
Verbiest 2s counted 108 cases of posterior fossa angioma in 1961. Since then, sporadic publications have dealt with the pathology ~9 and surgical treatment 3,6,~6' ~8 of these lesions.
In primates, the removal of the neocerebellum leads to homolateral dysmetria, atonia, and difficulty with gait. This disorder is transient unless the deep cerebellar nuclei or brachium conjunctivum are damaged. Lesions of the deep cerebellar nuclei or brachium conjunctivum are also associated with tremor. In the monkey, lesions of both the nuclei dentatus and nucleus interpositum are much more disabling than are lesions of either nucleus alone. These animal results may indicate that a partial injury of the deep gray cerebellar nuclei may not always produce a permanent devastating movement disorder. 1,2
The syndrome associated with unilateral lesions of the cerebellar cortex in humans is best described by Gordon Holmes. j2'3 His observation of patients with cerebellar injuries suffered in World War I led to his description of ipsilateral ataxia, atonia, and intention tremor. In humans, this syndrome is more pronounced and permanent if the dentate nucleus is also injured.
In our series, both patients who had permanent disabling ataxia and intention tremor had hemorrhages which involved the cerebellar peduncles. Patients with hemispheric lesions characteristically had mild transient difficulty. Lesions of the flocculonodular region produce difficulty with equilibrium and nystagmus, as seen in children with medulloblastomas. All of the patients in our series with AVM's in this location had unilateral lesions which were associated with equilibrium disorders. Two of the three patients had pre-and postoperative nystagmus. The third patient did not have nystagmus before surgery but developed a coarse horizontal nystagmus after surgery, which was resolving by the time of discharge.
Plastic embolization, either by endovascular flowdirected calibrated-leak balloon or directly and selectively at craniotomy, is tantalizing as a single and less invasive method of treating AVM's. Thus far, the technique has rarely proved definitive in obliterating the whole AVM. The rare supratentorial lesion that has been completely obliterated by this method is the AVM which is fed solely by one or two large arteries. The future of this technique will depend largely on the question of whether an AVM is partially or wholly compartmentalized on each of its blood supplies. It is unlikely that AVM's are composed of a series of independent modules. Interconnection is more likely, and it may be possible to encourage the plastic or a sclerosing agent to percolate through most of the fistulas of the AVM, if the pressure from other sources of blood supply can temporarily be greatly reduced during the few seconds of the injection. This may be accomplished by the temporary occlusion of feeding vessels or some form of brief circulatory arrest.
Certainly, direct selective embolization is not without danger. Risks are related to occlusion of vessels of passage or to reflux through unexpected anastomotic channels, producing an infarction of normal brain nearby. In one case, filling of posterior cerebral artery branches from an SCA injection was documented, but this filling may have been through normal anastomotic changes. 4'9,17 We have seen retrograde filling through adjacent arteries while injecting a single feeding artery directly following a craniotomy. Swelling of the brain around an embolized AVM may lead to temporary neurological deficit. Whether this swelling is due to the sudden occlusion of a large sump or to the occlusion of normal venous channels is open to speculation. Radiation therapy for AVM's has recently been reviewed. 5 The success with conventional radiotherapy (unknown until 1975) should be pursued; in two of our other cases, 5000 rads from cobalt-60 resulted in complete obliteration of a small thalamic and large midbrain AVM with remarkable recovery of function in the latter. As for supratentorial AVM's, surgical excision remains the treatment of choice for lesions in the posterior fossa providing they do not invade or lie within the brain stem where the hazard is extreme. It is in the latter event that radiotherapy may be most useful.
In this series, uncomplicated resection of AVM's from the deep central cerebellum appears not to have produced significant deficit. Massive postoperative hemorrhage accounted for most of the operative morbidity and was probably related to insecure hemostasis. Sudden devastating postoperative hemorrhage has been a problem with resection of large supratentorial AVM's too, although to a lesser degree. After 255 resections of supratentorial AVM's on our unit, eight coma-producing postoperative clots occurred (3%). Four patients died but three of the four survivors had excellent recoveries following removal of the clot. No postoperative hemorrhage occurred from 76 small AVM's, but four of 156 large AVM's (nidus measuring 2.5 to 5.0 cm) bled, one after a first-stage incomplete resection. Four clots resulted from excision of 23 AVM's (17.4%) with a nidus of more than 5 cm in diameter (lateral dimensions6x4cm, 7x5cm, 9x5cm, andl0x8cm); two occurred after a second-stage resection, one having had preliminary embolization. Onset of bleeding was from 2 hours to 5 days following an immediate uneventful postoperative course. Two died and two were severely disabled. Ya~argil, in a series of nearly 400 AVM excisions, of which 60 were in the posterior fossa, had an 8% incidence of postoperative clots (MG Ya~trgil, unpublished data, 1984) .
In a review of these calamities, three possible reasons were considered: 1) incomplete resection and bleeding from residual AVM; 2) insecure hemostasis; and 3) "breakthrough" bleeding. Methods for safe and sure obliteration of small fragile feeding arteries need further development.
